Migration of the pinewood nematode, Bursaphelenchus xylophilus, to the mycelia of wood-decay fungi was investigated on water agar plates. A very strong ability to attract nematodes was shown by Pleurotus ostreatus, P. pulmonarius, P. eryngi, Lentinula edodes and Lampteromyces japonicus, all of which had been demonstrated to be nematophagous in previous studies. Other wood-decay fungi, Neolentinus lepideus, Trichaptum abietinum, Cryptoporus volvatus and Pholiota nameko, having less or no ability of killing nematodes, did not attract nematodes. Botrytis cinerea attracted nematodes although not as strongly as the nemtophagous wood-decay fungi. Based on the experimental results it could be concluded that nematophagous wood-decay fungi were attractive to the pinewood nematode. Jpn. J. Nematol. 36(1), 1-9 (2006).
INTRODUCTION
The ability of some wood-decay fungi to kill the pinewood nematode, Bursaphelenchus xylophilus (Steiner and Buhrer) Nickle, and to affect its population in pine wood has been shown in previous papers (Mamiya, et al., 2005a; Mamiya, et al, 2005b) . Through these studies it is possible to postulate that some wood-decay fungi, those that are primary colonizers in wood, might be involved in the population dynamics of the pinewood nematode in wood of dead pine trees. The pine wilt disease caused by the pinewood nematode is the most serious epidemic of pine trees in Japan. After infection of the trees by the nematodes early in summer, pine trees become diseased and die in the autumn. The nematode population in wood reaches its highest level, 3,000-10,000 per g of dry wood, at the time of tree death. Thereafter, the population decreases gradually. Wood-decay fungi are presumed to be one of the factors involved in the progress of population decrease through their ability to prey on nematodes.
Throughout experiments in previous studies, it was commonly observed that nematodes congregated around its colonies of wood-decay fungi on agar plates soon after introduction of the nematodes to the plate. Studies on attraction of nematodes to living mycelia of nematophagous fungi demonstrated that they were attractive to nematodes (Field and Webster, 1977; Jansson, 1982; Jansson and Nordbring-Hertz, 1979) .
The purpose of the present investigation was to study the attraction of the pinewood nematode to living mycelium of wood-decay fungi which had been shown to be nematophagous on the pinewood nematode in a previous study (Mamiya et al., 2005a) .
Attraction of the pinewood nematode to mycelium of some wood-decay fungi MATERIALS AND METHODS
Fungi tested in this study: Wood-decay fungi tested in this study were as follows. Pleurotus ostreatus (source #G694, see Mamiya et al., 2005a) , P. pulmonarius (source #G355), P. eryngii (source #Germany), Lentinula edodes (source #FMC2), Lampteromyces japonicus (source #N872), Neolentinus lepideus (source #WD512), Trichaptum abietinum (source #WD863), Pholiota nameko (source #FMC275) and Cryptoporus volvatus (source #WD647). Stock cultures of the wood-decay fungi were maintained on slants of commercial potato dextrose agar (Pearlcore PDA 'Eiken'). Nematodes:
A culture of the pinewood nematode (S6-1; an isolate of Forestry and Forest Products Research Institute, Tsukuba, Ibaraki) growing on the fungus, Botrytis cinerea, was used in this study. Attraction assay on a water agar plate in a rectangular polystyrene dish:
Water agar plates were prepared for the test using lids of the microplate (8 12 2 cm, with 24 wells, code 3820-024, Iwaki Glass Co.). Two lids without wells were put together and sealed with adhesive tape. Twenty-five ml of 1.5% water agar was poured into a dish to make agar plate. At the one edge of the agar plate, a fungal mycelium was inoculated and incubated for 1 week at 25 . A drop of nematode suspension (containing about 500 nematodes) was placed on the opposite edge of the plate. The movement of nematodes on the agar plate was assessed by counting the number of nematodes in each section of the plate equally divided into 24 squares (20 20 mm). Nematodes in all sections were counted using a stereomicroscope at regular intervals after nematode introduction. The spatial distribution pattern of nematodes on the agar plate was analyzed using I -index (I = , q = the total number of quadrats, xi = the number of individuals in the ith quadrat (i = 1, 2, 3, , q), T = the total number of individuals) (Morishita, 1962) and the results were subjected to 2 test. The attraction of the pinewood nematode to living fungal mycelium of P. ostreatus was demonstrated by the performance on the same plate with other fungi by placement of another fungus at the opposite end of the plate. A drop of nematode suspension was placed in the center of the plate. The same experimental procedure as mentioned above was followed and the spatial distribution pattern of nematodes on the agar plate was recorded in the same way. Attraction assay on a water agar plate in a 9 cm diam. Petri dish:
Fungi tested were cultured in Petri dishes on 1.5% water agar for 1 week. Agar cubes (5 mm square) were cut with a sterilized knife from the edge of a fungal colony growing on water agar plate and placed on fresh water agar plates in Petri dishes, 1.5 cm from the edge of the plate. Two fungal cubes were placed opposite to each other 5 cm apart (2.5 cm from the center point). Two control cubes of water agar without fungi were placed opposite each other on a line at right angle to the line of fungal cubes. The plates were incubated for 24 hours to make gradient of fungal products from the agar cubes into the agar plate. Twenty µl of nematode suspension (containing 100 500 nematodes) was applied to the center point of the plate. The plates were dried for at least 24 hours before use so that nematode suspension water disappeared quickly. After 12 18 h fungal cubes together with agar blocks under cubes were cut with a knife. They were immersed in the water in a Syracuse watch glass. Control cubes were treated similarly to the fungal cubes. After removing the cubes, remainder of the agar plates were prepared for nema-
tode extraction by the Baermann funnel technique. The number of nematodes in or under the cubes were recorded using stereomicroscope. Number of nematodes per plate were tallied. The number of nematodes from cubes with mycelia and from control cubes were expressed as a percentage of the total number per plate. Each assay consisted of five replicates. Attraction of nematodes to the exudative substances of the fungal mycelium was tested as follows. Each wood-decay fungus was cultured on a water agar plate in a 9 cm diam. Petri dish for 2 weeks. Agar plates with mycelia were boiled at 100 and then the melted agar was poured into a Petri dish. Agar cubes were cut from the plate and placed on a newly made water agar plate together with control cubes in the same way as mentioned above. Nematode inoculation and observation of nematode movements were investigated. Data analysis:
The mean percentage of nematode that accumulated in or under the cubes was analyzed with t-test for dependent data. Percentage data were arcsine-transformed prior to analysis.
RESULTS
Attraction assay on the water agar plate in a rectangular polystyrene dish:
As an example, the distribution of nematodes in each section of a rectangular dish is shown in 3-D (Fig. 1) . The distribution of nematodes on an agar plate in the rectangular dish is demonstrated in Fig. 2 . Distribution patterns of nematodes in 24 sections of the agar plate are summarized by using I -index (Table 1) . Highly significant distribution patterns of nematodes was observed on the agar plates with a colony of Pleurotus ostreatus, P. pulmonarius, P. eryngii and Lentinula edodes within 2 days of introduction of the nematodes. More than 60% of the nematodes distributed on the plate were accumulated in, on or under the fungal colonies and almost all of them were dead or immobile. No non-random distribution of the nematodes was recognized on the agar plates of Neolentinus lepideus, Trichaptum abietinum, Cryptoporus volvatus, Pholiota nameko or on control without fungal colonies during the experimental period. On the Botrytis cinerea plate, nematodes congregated in or in the vicinity of the fungal colony 6 days after the introduction of the nematodes. Second stage juveniles or eggs resulting from reproduction activity of accumulated nematodes in the fungal colony were few at that time.
Distribution patterns of the nematodes on the agar plate inoculated with P. ostreatus and another fungus are shown in Fig. 3 and summarized in Table 2 
No. of nematodes
No. of nematodes Fig. 3 . Distribution patterns of the pinewood nematode on an agar plate inoculated with two fungi, P. ostreatus and another fungus, in the rectangular dish. Bars indicate total number of nematodes distributed in section of each row (1 6 on the x axis) and dark part of the bars represent number of dead nematodes which were killed by fungal mycelia. The period of days after nematode introduction to the agar plate is mentioned above each figure. of N. lepideus, T. abietinum, C. volvatus and P. nameko. Distribution of nematodes on the agar plates showed attraction patterns at statistically significant level (P < 0.01). Attraction assay on the water agar plate in 9 cm diam. Petri dish:
The number of nematodes accumulated in or under mycelial cubes of P. ostreatus, P. pulmonarius, P. eryngii, L. edodes, L japonicus, N. lepideus and B. cinerea, were significantly greater than those of in or under the control cubes (Fig. 4A) . Differences in the numbers of accumulated nematodes around mycelial cubes and those around control cubes were statistically significant (P < 0.01). Cubes cut from the agar plate made after boiling the original plate with each fungal colony of P. ostreatus, P. eryngii, L. edodes and N. lepideus showed an ability to attract nematodes (Fig. 4B) . Results were significant at the P < 0.05 level. No significant differ- ences in the number of nematodes attracted between cubes of P. pulmonarius, L. edodes and B. cinerea and control cubes were observed.
DISCUSSION
Results of observations on the movement of nematodes and their distribution pattern on the agar plate in the rectangular dish showed attraction of nematodes to living mycelia of P. ostreatus, P. pulmonarius, P. eryngii and L. edodes. Most of the nematodes that accumulated in or under the fungal colony of these fungi were dead. Movement and attraction of nematodes towards living mycelia of P. ostreatus and L. edodes was recognized as early as 1 h after the introduction of the nematodes. The same result was observed with P. pulmonarius and P. eryngii (no data shown in the paper). At that time in the control plate, movement of nematodes was limited to the immediate vicinity of the section where the nematode was introduced. The same tendency for nematode movement was observed on the plates of fungi other than the above mentioned 4 species. These results suggest that P. ostreatus, P. pulmonarius, P. eryngii and L. edodes mycelia show an ability to attract nematodes. In addition to attracting nematodes, the random movement of nematodes might contribute to an increase in number of nematodes around a fungal colony because of the increased numbers of nematodes with passage of time becoming trapped. Aggregation of nematodes to the colony of B. cinerea indicates an ability of the fungus to attract nematodes. Attraction of nematodes to fungi, whether host or not, is usual but does vary with nematodes (Townshend, 1964) . He proved this view through an experiment to test the attractiveness of fungi to two species of mycophagous nematodes; Aphelenchus avenae and Bursaphelenchus fungivorus were attracted to almost all of the fungi tested including B. cinerea. It was confirmed that B. xylophilus was also attracted to B. cinerea.
Distribution patterns of nematodes on plates with colonies of two fungi supported the difference of the ability of each fungus to attract nematodes. When both of two fungi which had a strong ability to attract nematodes were grown A B on the plate, attraction patterns were not statistically significant difference. Such distribution patterns might have resulted from nematode movements being affected by living mycelia of both fungi. On the other hand, nematode movement was affected by the fungus, P. ostreatus, which had a stronger ability to attract nematodes than did another fungus on the plate. Attraction assay tests on the agar plate in 9 cm diam. Petri-dish gave the same results as those obtained by observing distribution patterns of nematodes on the rectangular dish. All fungi tested, P. ostreatus, P. pulmonarius, P. eryngii, L. edodes, N. lepideus, B. cinerea and L. japonicus, were attractive to nematodes. L. japonicus which showed a strong ability to kill nematodes (Mamiya et al., 2005a ) was also confirmed to be attractive to nematodes through this experiment. When the fungi were killed by boiling with plate, agar cubes cut from the agar plate made from the melted agar showed an ability to attract nematodes. Based on these results it is proposed that the substances from some fungi were responsible for nematode attraction.
Living mycelia of some nematophagous fungi were demonstrated to have the ability to attract nematodes (Field and Webster, 1977; Jansson and Nordbring-Hertz, 1979; Jansson, 1982) . In this study we conclude that the wooddecay fungi which have nematophagous ability are also attractive to the pinewood nematode.
